Background: costs incurred at the end of life are a main contributor to healthcare expenditure. Urban-rural inequalities in health outcomes have been demonstrated. Issues around geographical patterning of the association between time-to-death and expenditure remain under-researched. It is unknown whether differences in outcomes translate into differences in costs at the end of life.
Introduction
Previous research has shown that costs incurred at the end of life, in particular for inpatient care, are a main contributor to total healthcare expenditure (HCE) [1] [2] [3] [4] [5] [6] [7] [8] . Increasing HCE in the context of population ageing is not solely driven by advanced age, rather older adults tend to be closer to death [9] . Understanding patterns and contributors to end of life and associated HCE has important implications for clinicians, local services and national policy.
Ensuring appropriate and equitable care is provided across all geographic areas within a country is important but can be difficult to achieve in practice. Several studies have described differences in mortality dependent on where people lived [10] [11] [12] [13] . Rural to urban differences in morbidity and mortality may be partly explained by healthcare utilisation. For example, there is evidence of a direct association between the distance and travel time to hospitals, and increased mortality from acute myocardial infarction (AMI) [10, 11] and stroke [12] so that geographical disparity and related distance from hospital and other aspects of access to HC services seem plausible.
There is additional evidence on local variation in spending on HC services for older people with higher spending per capita reported in Orkney and Shetland compared with all other mainland areas [14] . What is less known is where differences in outcomes and overall spending stem from and whether end of life care in acute or inpatient care settings are the main contributor. Two scenarios seem possible: (i) increased costs for inpatient care due to remoteness and related challenges (e.g. difficulties in discharge planning due to increased length of stay (LOS)), or (ii) reduced costs in the context of increased early mortality (e.g. patients not hospitalised in time to receive emergency care) or differences in the delivery of care (e.g. it seems plausible that for the same diagnosis, patients from rural areas are admitted to hospital less frequently than patients from urban areas). Both situations are important, but the healthcare and policy implications would be very different. In particular in rural settings, this might support alternative pathways of care, such as community-based alternatives instead of hospital care [14] . To date, the geographical patterning of the association between remaining time to death (TTD), age and HCE has not been well described.
Scotland is well suited to descriptive work looking at the association between health service utilisation and geographic location, with 21% of the population living in rural or remote areas. It has been shown that geographical variation in mortality is higher in Scotland than in the rest of the UK [13] . Health inequalities among people aged 65 and older are greater in remote rural Scotland than in urban parts of the country [15] . A specific focus on inpatient care costs can be useful as the majority of costs in patients discharged from acute medical units ( predominantly frail elderly patients) were incurred in hospital ( 75% of overall costs) [16] .
The aim of this study was to investigate whether geographic inequalities in mortality also translate into differences in costs incurred for the last admission to hospital prior to death.
Methods
We used a longitudinal dataset comprising a 5% sample of all Scottish decedents derived from national mortality data (National Records Scotland; NRS) and randomly drawn by the Information and Services Division (ISD) Scotland. ISD linked these mortality data to inpatient hospital records (Scottish Morbidity Records; SMR01). Data on death, preceding hospital admissions and associated costs were available from 1997 to 2012. The costing method that we used employed Healthcare Resource Groups (HRGs) as the basis on which we assigned unit costs to a Continuous Inpatient Stay (CIS) [17] . These are standard groups of clinically similar diseases and treatments that use a common level of HC resources, which are widely used, and also known as Diagnosis Related Groups (DRGs) internationally. We assigned extra per diem costs where the stay exceeded the mean LOS for that particular HRG [16] .
We identified the 10 most frequent reasons for the last admission to hospital prior to death for various geographical areas. The clinical data of interest were not the recorded cause of death, but the reason for admission to hospital as these better defines the costs incurred for that episode. We used the primary diagnostic code (categorised using International Classification of Disease 10 [ICD-10]) to identify the reasons for admission. These codes refer to the main medical condition that was managed during the hospitalisation [18] . To best capture disease classifications and to minimise errors due to recording variations, we used higher level classifications (three digit ICD-10 codes). If several episodes formed a CIS, the first episode was used to determine the primary reason for admission, and costs were estimated for the entire stay. We described differing geographical areas of interest using the 8-fold urbanrural classification for Scotland [19] . In this classification areas are defined as:
Large urban area Settlement with 125,000 people or more Other urban area Settlement with 10,000 to 124,999 people Accessible small towns Settlement with 3,000 to 9,999 people and within a 30 min drive to a settlement of >10,000 people Remote small towns Settlement with 3,000 to 9,999 and over 30 min drive to settlement of >10,000 people Very remote small towns Settlement with 3,000 to 9,999 people and over 60 min drive to settlement of >10,000 people Accessible rural areas Settlement of <3,000 people and within 30 min drive of settlement of >10,000 people Remote rural areas Settlement of <3,000 people >30 min drive to settlement of >10,000 people Very remote rural areas Settlement of <3,000 people and >60 min drive to settlement of >10,000 people
Although this classification does not directly measure driving time or distance to the nearest hospital, it gives a very good estimation of driving time to the nearest bigger settlement, and this can be used as a proxy for distance to major hospital site and overall accessibility of HC services. For our analysis, we ordered the 8-fold urban-rural categorisation in terms of driving time to the next larger settlements.
We based our analyses on hospital admissions over the last 3 years of life, identifying the last admission prior to death within this time period. We measured TTD in quarters, with each individual patient contributing at least 12 observations. If there was no hospitalisation in a particular quarter, these were assigned zero costs. To obtain unbiased estimates of costs, these observations were included in the analysis and a two-part model was employed, estimating the probability of hospital utilisation in its first part (using a probit link and a binomial distribution) conditional on a set of explanatory variables X (Equation 1). Costs were then estimated in the second part conditional on positive utilisation.
where A = age at death categories (reference category: <45 years); S = sex (reference category: male); TTD = remaining time to death in quarters (reference category: 12th quarter before death); U = urban/rural indicator (reference category: large urban area); D = Scottish Index of Multiple Deprivation (SIMD) deciles (reference category: most deprived decile (1)); Y = time period of admission; u i = robust standard errors for patient i at time t . From the second part of the model, costs were estimated for those patients who incurred positive costs; i.e. greater than zero and expected costs were obtained for each decedent. The same explanatory variables were used in the second modelling part (Equation 2).
E½HCE ¼ gðxbÞ ð 2Þ
with xβ representing the linear predictor for HCE. We estimated costs by fitting a generalised linear model (GLM) clustered on patient identifier with a Gamma distribution and a log link. The distributional family takes into account the heavily skewed nature of HCE data and clustering accounts for multiple hospital admissions for the same patient. In a third step, both modelling parts were multiplied, and cost estimates were recorded for each of the geographical regions (Equation
). Separate models were estimated for each disease classification.
We calculated the total cost per disease by multiplying individual-level estimates for each area with their respective sample sizes and aggregated over areas. We then calculated the proportional share of costs for each area. All analyses were undertaken using Stata/SE12.1 software (STATA Corp, TX, USA). A P value of <0.05 was considered to indicate a statistically significant difference.
Results
Hospital admission records and related costs (1997-2012) were available for 39,366 patients with a total number of related observations of 618,333 over the last 3 years of life (Supplementary data, Table S1 , available in Age and Ageing online). The group not accessing hospital prior to death (n = 1,986) were more likely to be younger, male and lived in rural areas.
The most frequent diagnoses for the last admission to hospital prior to death are shown in Figure 1 . Diagnostic codes for cerebral infarction (I63) and stroke (I64) were combined, and we report results for 'stroke'. We also combined ICD codes for pneumonia ( J18) and lower respiratory infection ( J22) into 'infection of lung'. The most frequent admission reasons were infection of the lung: stroke and lung cancer. Overall, reasons of admission did not seem to vary markedly between urban and rural areas (Figure 1) .
After adjusting for age, sex, year of admission, social deprivation (Scottish Index of Multiple Deprivation SIMD) and remaining TTD, the overall effects of urban-rural area classification on costs for the last admission to hospital were similar across diagnoses (Supplementary data, Table S2 , available in Age and Ageing online). Costs are shown as estimated costs from the two-part model with associated P values, sample size and proportional share of overall costs.
Costs in very remote, rural areas were significantly higher than costs in large, urban areas ( Figure 2 ). We found costs for AMI, stroke, infection of lung and fracture of femur to be highest in very remote, rural areas and very remote small towns, whereas costs for lung cancer, chronic obstructive pulmonary disease (COPD), heart failure and other disorders of the urinary system also showed an increase if patients lived in remote small towns. In addition, costs in other urban areas were lower than those in large urban areas for most diagnoses (P < 0.001). The proportional share of total costs is broadly similar across diseases, and large urban areas contribute most to overall costs.
A post hoc investigation of the main driver of increased costs in more remote areas revealed that LOS in hospital was longer in more remote, rural areas than in urban areas (Supplementary data, Figure S3 , available in Age and Ageing online). We found that particularly for stroke, infections of the lung and disorders of the urinary system, LOS was markedly longer in very remote areas than in more accessible, urban areas.
Discussion
We described differences in end-of-life HCE between geographical regions based on rurality, using rurality as an indicator for organisation of care and distance. Our results suggest that for the common medical conditions that precipitate hospital admission at the end of life, rurality had a significant effect on estimated costs. We also showed that these medical conditions are in line with causes of admission recorded for the whole of Scotland.
Our data provide further evidence of urban-rural differences in healthcare utilisation and outcomes. This occurs in a context of increasing moves towards specialisation and centralisation of clinical services. We did not observe a clear gradient for costs, rather, costs seemed to be lower in other urban areas compared with large urban areas, possibly due to large urban centres having high costs because of case-mix, clinical practice and the fact that patients might be more readily admitted to hospital if living in large urban areas.
Our study was not specifically designed to look at reasons for these differences, and further work around the mechanisms that drive differing HCE will be required to inform healthcare policy. However, we can offer some plausible reasons. The urban-rural categorisation we employed operationalises levels based on distance to large settlement and so we infer that increasing rurality equates to increasing distance from hospital. A post hoc investigation of the main driver of these differences revealed that LOS in hospital was longer in very remote rural areas, which is in line with previous research that found that patients in rural areas experienced longer hospital stays on average [15] . It also supports our initial hypothesis of increased LOS due to remoteness and related challenges. Our study was not designed to suggest solutions to these potential geographical inequalities. However, if inequalities are driven by the hospital admission, then for an end-of-life scenario care delivered closer to home would seem intuitively attractive. Unsurprisingly, proportional shares of total costs were highest for urban areas due to population numbers; however, since the healthcare resource allocation formula already adjusts for population size, any savings that could be made through alternative care arrangement are expected to have a substantial impact on costs. Research from England has shown that access to non-acute care at the end of life, such as home-based end of life care can reduce hospital admissions and save costs [20] . A recent study from Scotland accentuates this issue and found that at any one time 30% of patients in hospital are in the last year of their life and highlights the importance of developing appropriate care plans [21] . This study also raised the issue of the right place and time to identify these patients.
The strengths of our analyses were our use of a large and representative sample of the Scottish population with robust data on healthcare utilisation. Our approach has limitations; using Scotland as the basis for our analysis meant that we had a varied urban-rural case-mix and could benefit from high-quality national administrative data collection. However, this also means that our findings may not be immediately generalisable to other settings, particularly where access to health care is dependent on insurance or personal financial resource. For example, the rural population in Scotland tends to be more affluent than the urban population; this is in contrast to Australia, another country that faces particular challenges delivering care to remote and rural locations [22] . In addition, we acknowledge that the relationship between geographic area and costs is multifaceted and cannot solely be explained by distance from hospital. We have controlled for a number of additional factors; however, we were not able to account for factors related to the organisation and Figure 1 . Most frequent reason (ICD10, 3 digits) for last admission to hospital prior to death by urban-rural classification and for Scotland (overall). delivery of health care in different areas. Furthermore, we appreciate that only estimating costs for inpatient care neglect the social care component that is important for end-of-life care. However, we do feel that our findings of high costs at the end of life and variations of costs by geographic area emphasise the importance of alternative pathways of care towards the end of life. By focusing on the last admission before death, we might underestimate the impact that rurality has on costs; however, since dying in hospital is one of the main cost drivers, we believe this to be the most important period in terms of cost differences. It also reinforces the argument for alternative community-based care options in particular in rural areas.
Overall, we can conclude that an increased risk of mortality for patients being admitted to hospital from rural areas, as reported in the literature, does not seem to lead to reduced costs due to non-admission. On the contrary, once admitted to hospital, patients living in remote areas incurred higher costs than those from large urban areas. This highlights the difficulties that rural areas face when discharging patients at the end of life in areas where there might be a lack of end-of-life support facilities as these are more frequently available in larger urban areas.
Key points
• A substantial proportion of HCE is incurred at end of life.
• Geographical differences in healthcare costs are apparent, with increasing rurality associated with higher costs at end of life.
• Rural areas face challenges in providing end-of-life care in alternative settings, leading to increased hospital costs.
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